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Graphene is a single layer of carbon atoms arranged in a hexagonal honeycomb lattice. It is a covalent, 
π-electron two-dimensional (2D) system with exceptional electrical and optical properties. At low 
energies it has a linear dispersion, it has no bandgap, a high Fermi velocity, exhibits very high carrier 
mobilities, and it is strong and flexible.  Unlike conventional metals, its Fermi energy can be tuned by 
electrostatic or chemical doping. These characteristics have made graphene a prime candidate for 
applications in nanoelectronics. Graphene also interacts strongly with light, absorbing radiation over a 
very wide frequency ranges extending from the ultraviolet to terahertz frequencies. Interband and 
intraband single particle excitations, as well as collective plasmon excitations, are supported. The unique 
combination of outstanding transport properties, wide absorption range, the ability to modulate the 
absorption, and the short excited state lifetimes have attracted strong interest in applications in 
photonics and optoelectronics.  

In this tutorial we will discuss the properties of single particle and collective excitations of extended 
graphene and also of confined graphene structures (quantum wires and dots) and their interaction with 
external fields and the substrate. We will discuss the different mechanisms by which light absorption in 
graphene can generate an electrical current. We will briefly review some of the uses of graphene as 
transparent conductive films for display applications, and in passive optical components, such as 
polarizers, EM shielding, and saturable absorbers. Then we discuss applications of graphene and 
graphene micro- and nano-structures in photodetection and light modulation.  Finally, we will address 
the optical properties of other 2D materials such as metal chalcogenides and phosphorene. 

The tutorial will introduce the following topics: 

1. Atomic and electronic structures of monolayer and multilayer graphene. 
2. Ambipolar behavior, carrier mobility, carrier density dependence, scattering mechanisms, Klein-

tunneling, E-field gating, role of the environment.  
3. Optical properties of monolayer/multilayer graphene: single particle interband transitions, universal 

optical absorption, saddle-point exciton, effect of doping - Pauli blocking, intra-band excitation, THz 
absorption 

4. Bilayer graphene: electric field induced band-gap opening. Multi-layers. 
5. Collective excitations (plasmons) of graphene: propagating and localized plasmons excitations, 

graphene nanoribbons and nanodots, interactions of graphene plasmons with intrinsic and 
substrate phonons, properties of resulting hybrid modes. Use of graphene plasmons to enhance 
linear and non-linear absorption. 

6. Graphene optoelectronic devices  
7. Mechanisms of light to current conversion in graphene: photovoltaic effects, photothermal effects, 

hot electron effects, bolometric effects, photo-gating effects, Dyakonov-Shur plasma effect.  
8. Photodetection in the visible, infrared and terahertz regions: responsivity, time response. 

Advantages and disadvantages of graphene as photodetector. 
9. Light modulators based on Pauli blocking, coupling with silicon waveguides, performance. 
10. Other graphene devices: Saturable absorbers, THz notch filters and polarizers. 
11. Other 2D materials: Chalchogenides (example: MoS2, WSe2) – electronic structure/absorption, 

monolayer vs. bulk properties, optically-induced spin polarization, photodetectors. Phosporene. 
12. Heterostructures composed of stacked, different 2D materials and their use as photodetectors. 
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